Subterranean environments are poorly known regarding many ecological aspects, such as community structure and its response to different disturbances. To estimate the effects of ground area lost in a limestone cave community in Southeastern Brazil, the invertebrate fauna was sampled before 76% of the cave floor was submerged by the filling of a hydroeletric power plant reservoir. Then, a 2-year monitoring was conducted. A species-area curve based on empiric data was constructed and the z-value of the species-area equation was calculated, what allowed estimating the expected cave richness after flooding comparing with data obtained during the monitoring. The results support the species-area relationship hypothesis; the cave community showed a drastic reduction of richness after losing area. Furthermore, it was also possible to estimate the species richness using the species-area equation. Moreover, the cave community showed a high temporal beta diversity when comparing the community sampled before and after the inundation; this pattern becomed less pronunciated over time. A high z-value (z = 0.58) was found for the cave species-area equation, indicating that subterranean communities are even more damaged by area loss than other environments probably due to the reduced mobility of cave invertebrates and the physical isolation of this environment. The present study highlighted that area loss resulted in a drastic reduction of cave richness. Additionally, it became evident that whenever possible studies should consider the original condition of a cave community and their responses after disturbances. Such strategy is critically important for conservation purposes.
INTRODUCTION
The species-area relationship is well recognized by the scientific community (May et al., 1995) , representing one of the most robust patterns in ecology (Cencini et al., 2012) . Larger areas typically support more species when compared with smaller ones (MacArthur & Wilson, 1963) . This relationship is explained by the area effect on immigration and extinction rates, stated by the Equilibrium Theory of Island Biogeography (MacArthur & Wilson, 1963; Wilson, 2010) , and also by the presence of additional ecological niches (Williams, 1943; Connor & McCoy, 1979) .
Cave ecosystems are pointed by some authors as "islands-like" environments (Culver, 1970; Iliffe et al., 1983; Culver & Pipan, 2009 ). The subterranean space delimited by the rock is the "island" and the "ocean" can be considered the non karstic area surrounding the karst, or the surface environment connecting different "islands" (Culver, 1970; Culver & Pipan, 2009 ). This surface environment is an inhospitable habitat and isolates specially the terrestrial invertebrates in caves by the sunlight, geological boundaries and ecological restrictions (Culver et al., 1973; Culver & Pipan, 2009) . In subterranean systems, the environmental variation, especially temperature and moisture, are lower than the observed in the surrounding external environments (Poulson & White, 1969) . The more isolated a karst area is, the lower immigration and extinction rates are, which are differentiated for terrestrial and aquatic invertebrates (Culver et al., 1973) . Furthermore, considering the environmental stability of caves, their inhabitants may present quick responses to environmental changes, especially invertebrates, the most abundant cave dwellers (Hodkinson & Jackson, 2005 May 2019 responses, from individual specimens to populations or even community level, acting as good bioindicators (Hodkinson & Jackson, 2005) .
Nowadays, karst areas have been under intense exploration by human due to mining activities, energy demand, agricultural practices and growth of unbridled tourism (Eberhard, 2001; Romero, 2009; Jaffé et al. 2018; Rabelo et al., 2018) . Unfortunately, human alterations on the cave environments and surrounding habitats are leading to serious damages to subterranean ecosystems, resulting in changes in the physical properties of the cave athmosphere and water; increase of sediment influx into caves; soil compaction by visitors stepping; development of "lampenflora"; entrances and walls enlargement (and/ or obstruction); reduction of the cave area by erosion or inundations; nutrient input alteration or disrupt; or even an entire cave suppression (Romero, 2009; Shneider et al., 2011; Pellegrini & Ferreira, 2012; Mulec, 2014; Rabelo et al., 2018) . As a consequence of human impacts, the terrestrial cave fauna can responds in different ways by losing species; decreasing the phylogenetic diversity; being invaded by exotic species; or even changing the composition, structure and temporal/spatial dynamics of invertebrate communities (Ferreira & Horta, 2001; Shneider et al., 2011; Pellegrini & Ferreira, 2012; Jaffé et al., 2018) .
Most studies evaluating human disturbances on biodiversity occur after the disturbance has taken place. In order to measure the impact on a community, many researches are conducted using spatially distinct sites to determine the unimpacted reference condition (França et al., 2016) . In subterranean environments, it is not unusual to compare the reference condition in the same cave using disturbed and undisturbed chambers and conduits, specially for impacts due to tourism activities (e.g. Bernardi et al., 2010; Barciová et al., 2010; Pellegrini & Ferreira, 2012 , Faille et al., 2014 . However this approach may underestimate the consequences on local species diversity and community turnover (França et al., 2016) . Very few studies consider before-after differences due to human alteration in cave environments (e.g. Moldovan, 2003; Faille et al., 2015) , though this kind of studies are extremely important for conservation purposes in caves.
Considering that the cave size is directly related to the cave invertebrate richness (Culver et al., 1973; Culver et al., 2004; Ferreira, 2004; Souza-Silva et al., 2011; Batucan et al., 2013; Simões et al., 2015 , Jaffé et al., 2016 , the species-area equation could be used to estimate how many species will be extinct as a result of area loss (Simberloff, 1992) . Given the fact that we had the prior information that Santo Antônio Cave, located in southeastern Brazil, would be partially submerged by the construction of the reservoir, this study aimed to evaluate the effects of ground area loss by a flooding process in a cave under the terrestrial invertebrate community. Our initial hypothesis was that the effects of the area reduction would be more severe for cave communities than for those for epigean environments especially due to the species isolation and low dispersal capability. It is important to highlight that many Brazilian caves do not present as many troglobitic species as caves from temperate regions, which can lead to different patterns of area effect on species loss/gain rates. Based on this hypothesis we proposed a management action that would tentatively reduce the impact of the reservoir filling over the community. For this purpose, we evaluated the i) species loss; ii) species turnover; iii) temporal beta diversity partitioning; iv) we determined and evaluated the z value (a fitted constant from the species-area equation), and finally, we described how richness changed with area loss (Tjørve & Tjørve, 2008) .
MATERIAL AND METHODS

Study Area
The study was conducted in Santo Antônio Cave (21°11'50.04"S, 44°51'02.89"W), a very isolated cave (the closest cave is located around 70 km far from it) inserted in the smallest carbonate group in Minas Gerais state (Brazil), called the São João Del Rey carbonatic group. Accordingly, no caves are known in it surroundings, which contributes to the cave isolation. The cave is located in the Itumirim municipality, which comprises a transitional area between the Cerrado (Brazilian Savannah) and the Atlantic Rainforest Biome. Santo Antônio Cave is a limestone cave with 250 meters long and presents four entrances, which are large, leading to a high interference from the surface on the cave environment. Therefore, the sunlight indirectly reaches most of the cave conduits (which are disphotic), although there is at least one aphotic and stable chamber in the cave, that was initially inhabited by a colony of vampire bats -Desmodus rotundus (Geoffroy, 1810) -with hundreds of individuals producing a guano pile.
The region has already suffered human alteration by limestone extraction during the middle 20 th century. Such activity partially altered the cave, especially by expanding the existing fractures, leading to the collapses of rocks (which, in turn, enhanced the size f one entrance), conduits silting and speleothems destruction. Moreover, the mining company constructed a dam that diverted a small drainage that used to run inside the cave. Despite the lack of scenic attractions of Santo Antônio Cave (the cave do not present many speleothems), after the end of the mining activity, the touristic/religious use of the cave started. In 2002, the cave was partially (and permanently) flooded by the development of the Funil Hydropower Plant Reservoir. Before the flooding, a footbridge was constructed, leading to a small altar located close to the main entrance (Fig. 1) .
Sampling methods and management plan
Before the inundation event, on October 2002, the invertebrate fauna was sampled along the whole cave, during ten hours by four experient speleobiologists. The invertebrate collection was conducted by the visual searching method, using tweezers and brushers, paying special attention to microhabitats such as under rocks and deposits of organic matter. Each species was represented by a number plotted on a cave map in the location where it was captured or observed, following the methodology proposed by Ferreira (2004) . In laboratory, the species were identified to the lowest taxonomic level possible, thus determining the cave species richness. This first sampling event enabled the detection of areas with the higher species concentration (richness).
Based on this inventory, it was possible to propose a management plan for Santo Antônio Cave, which aimed to reduce the species loss by drowning. Thereby, three days before the inundation (in December 2002), invertebrates were manually captured and placed into higher areas that would not be submerged. Those areas were previously prepared to receive the invertebrates, by enriching the substrate structure adding rocky shelters (coming from the flooded areas) and pieces of wood. Since those upper regions of the cave used to be drier than the substrates from the bottom part (being devoid of invertebrates), the area was also humidified, adding water to moisten the dry soil substrates. Finally, other organic debries were added for trophic enrichment in the upper zones of the cave in three areas (especially vegetal debris collected from the area that would be submerged in the cave). These upper habitats received the invertebrates.
However this methodology was not fully effective, especially considering the smaller invertebrates that could easily hide in small cracks in the soil, escaping from the catch. Hence, during the filling of the reservoir and consequent innundation of the cave floor, many invertebrates would be "trapped" in the small "islands" that would be formed in the cave floor, given its topographic roughness. Considering this scenario, the future "islands" were previously determined through the elaboration of a detailed topographic map of the cave floor, which indicated elevated areas that would became small islands, trapping invertebrates during the inundation (Fig. 2) . In order to connect the "islands" formed during the inundation to the upper areas that would not be submerged, small wood bridges were installed, preferably directed to the areas where the new structured microhabitats were created (Fig. 2) .
The visual searching method was also used in the monitoring of the cave community after the inundation. This methodology was apllied in a four hour sampling effort in each visit to the cave (also performed by four speleobiologists). Such monitoring occurred during two years, with samplings occuring at intervals of three months, with a total of eight collecting events.
Data analyses
The first inventory (prior to the inundation) and two years monitoring data were analyzed by means of the BoundarySeer program version 1.2.0 (TerraSeer Inc. Software for Geographic Boundary Analysis, http://www.terraseer.com) to evaluate migration and extinctions events on the cave after the inundation. This analysis provides a spatial representation of the richness gradient on the cave map by a color scale, the yellowish colors represent values of low richness while reddish colors represent high values. For this purpose, the cave map was divided in squares of 2m 2 and the richness was estimated for each square (for each monitoring event). This method of spatial representation of species richness distributions by color scales was already applied in cave entrance environments (Prous et al., 2015) .
The similarity in the fauna of all sampling years, including before the inundation, was compared using non-metric multidimensional scaling (n-MDS) ordination through the Jaccard method, that is an incidence-based index (Chao et al., 2006) , using the function metaMDS from the VEGAN package. The existence of significant differences between n-MDS groups was evaluated by analysis of similarities (Clarke & Gorley, 2001 ), using the function ANOSIM also from the VEGAN package. Furthermore, the species richness and an additional n-MDS ordination through the Jaccard index were used to describe spatial and temporal differences in the community composition between each of the four zones before and after the flooding. For each n-MDS from the different sampling years and also from the zones, it was evaluated the homogeneity of group dispersions (in relation to the centroid of their dispersions) using the betadisper function, Jaccard method, from vegan package. Graphical information was obtained from both n-MDS and constructed through the function GGPLOT from the GGPLOT2 package. All previously mentioned analyses and graphics were conduced in R program version 3.5.0 (R Core Team, 2016) .
Changes in species composition from pairwise comparisons in sampling-to-sampling events were estimated by calculating temporal differences between assemblages -temporal beta diversity. The beta diversity can be a result of species substitution (turnover) or species loss or gain (nestedness), and it is possible to disentangle the contribution from each component by partitioning beta diversity (Baselga & Orme, 2012) . Beta diversity partitioning was calculated using the BETA.TEMP function of the BETAPART package (Baselga et al., 2017) . Such function comput Sørensen and Jaccard dissimilarities indices, both monotomic transformations of beta diversity, into two separate components. The indices determine turnover and nestedness, respectively (Baselga & Orme, 2012) . Finally, a bar graphic was constructed using the GGPLOT function of the GGPLOT2 package (Wickham, 2009 ). All previously mentioned analyses were conduced using R software version 3.5.0 (R Core Team, 2016) .
A species-area curve was constructed to infer about the loss of cave invertebrates with the area loss. For this purpose, we used data from 28 limestone caves from Minas Gerais state (Brazil), including the Santo Antônio Cave prior to the flooding. The most commonly fitted model for species-area curve is the equation S = cA z (where S is number of species, A is area, and c and z are fitted constants). This equation can be linearized by log-tranformation: logS = logc + zlogA, while the z is the rate at which slope decreases with area and c is often denoted as the S 0 (Tjørve & Tjørve, 2008) . Based on this assumption, the richness and area of the 28 caves were log-transformed and the z-value obtained. In order to verify if our model would be appropirate for the predicted data, a GLM (generalized linear model) analyses were performed using the function GLM.NB in the MASS package. Since data was nonparametric, the error distribution with the best fit was negative binomial (Normality was tested by the Shapiro-Wilk test). Then we represented the result graphically using the function GGPLOT from the GGPLOT2 package in R program version 3.5.0 (R Core Team, 2016). Then it was possible to predict the species expected to be found in Santo Antônio Cave after flooding using the species-area equation S 1 = S 0 (A 1 /A 0 ) z ; in which: S 1 = final richness, S 0 = initial richness, A 1 = final area, A 0 = initial area, and z = constant (Rybicki & Hanski, 2013) .
RESULTS
In the first collection, before the inundation, 92 species were observed, distributed into 45 families belonging to the orders "Acari", Aranae, Opiliones, Palpigradi, Pseudoscorpiones, Scorpiones, Isopoda, Spirostreptida, Symphyla, Lithobiomorpha, Blattodea, Coleoptera, Collembola, Diptera, Orthoptera, Hemiptera, Hymenoptera, Lepidoptera, Psocodea and Tricladida (Appendix 1). None of the species found are troglobitic, and the community is mainly composed by troglophiles (Fig. 3) .
After the first inventory, it was possible to define four main zones regarding higher species richness concentration prior to the reservoir filling in the cave (Fig. 2) . The first zone is located in the cave main conduit. The zone 2 is the aphotic chamber with the colony of vampire bats -Desmodus rotundus. The guano deposit produced by the bats attracted many invertebrates to the cave and represented the most populated area. The third zone corresponded to a region in which there were some deposits of vegetable debris, which attracted many invertebrates. Finally, the fourth zone was situated near one of the entrances, which corresponded to a shelter for many para-epigean species. The second zone was the only area that was not submerged. The other three zones (all associated to the main cave floor) became totally unavailable for terrestrial invertebrates in their original areas. The nearby upper areas (for which the invertebrates were relocated) use to be devoid of invertebrates before the flooding. Except for the second zone, organisms from the other three areas were relocated after the flooding.
As the reservoir was filled, 76% of the cave floor was submerged. After that, it was possible to observe the migratory movements and local extinctions in the community (Fig. 4) . The community suffered a notable species loss right after the inundation, as observed in the first monitoring inventory (Fig. 5) . A total of 61 species were no longer observed after the area loss caused by the inundation. The bat population (Desmodus rotundus), that initially presented around 200 individuals, migrated to another shelter during the reservoir filling. In the third monitoring it was possible to see that about ten bats returned to the cave. Some invertebrate species, not found during the second monitoring, were visualized in the third monitoring, increasing the species richness (Fig. 5) . From that monitoring on, a subtle variation on species richness was observed. It is importat to point out that the community rapidly colonized the nonsubmerged areas of the cave, some of which that used to be extremely dry before the inundation (and devoid of organisms). From the second monitoring on (May 2003), most of the emerging areas within the cave were already colonized (Fig. 4) .
The community showed a high dissimilarity between the species sampled before and after the cave inundation (Fig. 6a) . However, the dissimilarities became less evident when comparing the first and the second year of monitoring. Furthermore, the dissimilarity among the first sampling, samplings along the first year and along the second year of monitoring were significantly different (R ANOSIM = 0.34; p = 0.042; Fig. 6a) . Finally, the similarity between the communities sampled in each monitoring event has increased during the first year after the inundation of the cave, but decreased along the second year. All monitored zones presented, in average, a species richness reduction after flooding (Table 1) and high community structural differences within each cave zones were also evident (Fig. 6b) . It was possible to observe that zone 1 was the most affected, presenting high dissimilarities along time when compared to the first sampling event (before the flooding -average dissimilarity of 0.95). Zone 3 and zone 4, the most connected to the external environment, showed dissimilarities values of 0.93 and 0.88, respectively. Zone 2, which correspond to the more stable chamber presenting bat guano (that was not flooded) was the less impacted, with an average dissimilarity value of 0.84. Regarding the variation of the community in each zone after the flooding, zone 1 was the most variable, with an average distance to the centroid of the dispersion points corresponding to 0.61 (Fig.  6b) . Zone 2 was the less variable, with a distance corresponding to 0.57 (Fig. 6b) . Finally zones 3 and 4 presented very similar average distances to the centroid of their dispersion points, corresponding to 0.58 and 0.59, respectively (Fig. 6b) .
Considering the Santo Antônio Cave as a whole, the total beta temporal diversity reached higher values in the first two pairwise comparisons (the first sampling event prior to the filling and the first two monitorings), ranging from 0.67 to 0.72 (Fig. 7) . The nestedness component was expressively higher considering the first two pairwise comparisons (0.32 -0.11) due to intense species loss, becoming smaller over time. After the third monitoring event, it ranged from 0.06 to 0.01. The species turnover was not expressively high in the first pairwise comparisons, but it reached higher values and stabilized over time.
The species loss in function of area loss in Santo Antônio Cave was predicted by the species-area curve, witch explained 47.6% of the data variation (R 2 GLM.NB = 0.476, p < 0.001, Fig. 8 ), from which it was possible to obtain the constant z = 0.58. Considering the species-area relationship equation, the species richness in Santo Antônio Cave after the inundation was estimated at 40 species. The mean richness found in the cave along the monitoring after the inundation corresponded to 44 species.
DISCUSSION
The effect of habitat reduction on species richness is one of the most frequently studied patterns in biodiversity (Lomolino, 2001) . A fairly common approach in this perspective is the species-area relationship (May et al., 1995) . Caves and karst areas have been already described as islands for decades (Culver et al., 1973) . However, this theme was poorly Table 1 . Species richness within each of the four zones before and after flooding found in all monitoring events.
explored in caves, specially considering invertebrate communities (e.g. Snowman et al., 2010; Faille et al., 2015) . The species-area relationship has been shown for bat assemblages in tropical Mexican caves, where the ceiling area strongly affects the number of bat species roosting in a cave (Brunet & Medellín, 2001) . The cave area is also a key predictor of the invertebrate species richness, the presence of troglobites and the presence of bat populations in Brazilian iron ore caves (Jaffé et al., 2016) . Christman and Culver (2001) used the "Habitat Diversity Model" to search for subterranean invertebrate distribution patterns. This model assumes that there is a correlation between available niches, species richness and the sampled area (Williams, 1943; Connor & McCoy, 1979) . Following this model, Christman and Culver (2001) , studying caves in US, concluded that habitat availability (the number of islands) and not their size, influences the richness of troglobitic species. The species-area relationship quantifies the area effect on species richness (May et al., 1995; Pimm, 1995) . Furthermore, the derived species-area relationship equation can be used to estimate how many species become extinct as a result of habitat reduction (Simberloff, 1992; Thomas et al., 2004) . Our results support the species-area relationship hypothesis: the community of Santo Antônio Cave showed a drastic richness reduction after the area loss. Moreover, the richness and temporal beta diversity seems to reach a certain stability with time. On the other hand, although the dissimilarities presented by the community became less evident with time, the similarity did not exceed 0.37 between two subsequent sampling events, and species turnover remained around 0.5. Accordingly, the species composition did not stabilized. However, given the number of entrances present in this cave, the contribution of acidentals or even "transient" species is certainly considerable. Hence, new "eventual" species will always be introduced in the system, and the similarity between sampling events probably will not achieve high values over time.
It is important to highlith that all the zones within the cave were severly impacted when comparing their original composition with the composition after the flooding. However, subtle differences were observed between the zones. Considering each zone, one would expect that the totally flooded areas would be the most impacted. This was especially true for the zone 1, which presented the higher dissmilarites both when comparing the initial composition of the fauna (before the flooding) and the composition variation along the monitoring. Such variations might be related to the original area of the main cave floor (that was flooded) compared to the available remaining upper area after the flooding, that was considerably reduced in this zone. Hence, this reduced space might have induced competitive interactions that might have caused the considerable variations on invertebrate composition observed along the monitoring, though this is speculative. However, the zones 3 and 4 (that were also totally submeged) presented lower dissimilarity values when comparing the initial composition of the fauna and the composition variation along the monitoring. This could be explained by two main factors: i) both zones are located close to entrances, thus presenting especially para-epigean fauna (in which there is a great contribution of external species). Hence, potential external colonizers could rapidly return to shelter themselves after the flooding, in the upper areas of those zones; ii) alternatively, the manajement (wood bridges) could have acted more efficiently in those zones. Finally, the zone 2, that was the only not submerged, presented, in average, the lowest variations within the cave (being also the only trully aphotic area on the cave). Even with the severe reduction on the bat population just after the flooding (which led to a considerably reduction on guano deposition), the community was the less variable along time, corroborating a tendency towards the relation between environment stability and community stability in caves (Di Russo et al., 1997; Bento et al., 2016) . Alternatively, species associated directly or indirectly to guano piles tend to belong to some specific groups in Brazilian caves (Ferreira & Martins, 1999) , what could have contributed to this pattern.
Nevertheless, the habitat loss reduces the available spaces to be colonized by new species, therefore reducing the balance between the colonization rate and the rate at which resident species are extinct (MacArthur & Wilson, 1967) . The knowledge regarding this balance can predict future losses, and this relationship was already confirmed for 25 hotspots of biodiversity around the world (Brooks et al., 2002) . In this case study, samplings conducted just after the cave inundation showed a high local extinction rate. In that moment, the community had not been rewarded by the colonization of new species considering the high nestedness values due to species loss. After that, the cave community reached a new balance between extinction and colonization, reflected as the lower species richness in the cave.
Many mechanisms can promote nestedness (Fernández-Juricic, 2002b) , such as area size and isolation effects. More isolated and smaller fragments decrease the probability of species occurrence (Lomolino & Davis, 1997; Fernández-Juricic, 2002b) . Considering cave environments, the degree of isolation generally reduces the possibilities of dispersion and consequent migration between caves, while in caves closely located the colonization by others species is usually favored (Jaffé et al., 2016) . Additionally, human disturbances can lead to a greatly nested pattern (Fernández-Juricic, 2002b) . The nested pattern found in this study was especially high in the first two pairwise comparisons. After the disturbance, the community became a subset of that ocurring in the cave before the the reservour filling. However, the fragment size is expected to change species composition over time (Fernández-Jurici, 2002a) , as occurred from the third pairwise comparisons onward, indicated by the high species turnover.
In addition to the beta diversity pattern found after the area loss, some studies have shown that the z value (a constant of the species/area equation) may increase according to the degree of isolation of a particular area (Lomolino, 1984 (Lomolino, , 2001 . It may also vary according to the taxa, functional group, mobility, body-size, local population size and trophic rank of the organisms analyzed (Holt et al., 1999; Woodcock et al., 2006; Cencini et al., 2012) . We found a high z-value in the species-area curve, what can be related to two principal factors. First, as a consequence of the filling reservoir, the cave was surrounded by water, contributing to a higher remoteness from May 2019 this subterranean habitat. As postulated by Brown (1971) , the higher z value found for boreal mammals in relation to the oceanic islands may indicate that such mammals might present exeptionally low rates of immigration between mountains, a situation quite similar to what was observd in this study. Furthermore, we could expect a more drastic effect of area loss, since the cave is located in a very small carbonatic province, the São João Del Rei Group, and no other caves are known for the surroundings, what makes Santo Antônio Cave strongly insulated. The second factor is that cave communities are mainly composed by small troglophilic invertebrates, which can present ecological requirements similar to the environmental conditions observed in caves, preventing them from leaving the hypogean habitat. Furthermore, these species present lower mobility compared with birds and mammals, for which the z-value commonly ranges from 0.20 to 0.40 (Rosenzweig, 1995) . However, the most commonly used value in fragmented systems (based on empirical studies of birds and mammals) corresponds to z = 0.25 (Rosenzweig, 1995; Brooks et al., 2002) . This commonly used value did not work properly for Brazilian Atlantic Forest fauna. It seems to overestimate predicted extinctions for threatened bird species. Furthermore, models for mammals indicate that they are even more affected by deforestation and therefore present higher z-values (Grelle et al., 2005) . Accordingly, the two factors mentioned above could contribute together to the higher z-value (0.58) for the invertebrate community found in the Santo Antônio Cave.
In conclusion, studies considering the cave community before disturbing events and their responses after such disturbances are critically important to help researchers and decision-makers on drawing conservation actions. Furthermore, such kind of studies, if conducted in a bigger set of caves, will certainly provide empirical evidences to determine extinction rates in a cave before impacts as the observed in this study occur, thus directly contributing for conservation strategies on cave fauna. Surveys conducted previously to the impacts allow a better evaluation if the species loss could in some way be rewarded by the economic growth. This scenario is specially important in Brazil, given the increasing demand for hydropower and mineral resources (Ferreira et al., 2014) .
The use of hydropower in Brazil has been growing and 70% of the country potential remains untapped (Ferreira et al., 2014) . The Brazilian energy sector predicts an increase of 55.3% in the installed capacity of generating electricity until 2024. Furthermore, a strong expansion of mining areas is expected (Brasil Ministério de Minas e Energia, 2015). The Brazilian economic growth is linked to such largescale activities and their evironmental effects over the natural ecosystem are likely to be multiple and severe (Ferreira et al., 2014) . The environmental damage caused by extractive activities in Brazil threatens the available subterranean habitats. The Serra da Mesa hydroelectric plant installation in central Brazil covered an area of 1,784 km 2 (Fernandez & Thiengo, 2002) , culminating in the flooding of more than 40 caves (CECAV, 2017) , without any appropriate study. The present study highlighted that the area loss can cause a drastic change in tropical cave communities, indicating that without urgent conservation strategies, cave species may face massive extinctions due to such enterprises.
